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PARKING ASSISTANCE DEVICE AND
PARKING ASSISTANCE METHOD

TECHNICAL FIELD

The present invention relates to a parking assistance
device and a parking assistance method.

BACKGROUND

Wireless charging systems have been developed that
charge batteries installed 1 vehicles such as electric vehicles
and hybrid vehicles via a wireless connection without the
use of plugs. Accurate positioning ol power receiving
devices on the vehicle side and power transmission devices
on the ground side 1s mmportant to implement ethcient

charging 1n such wireless charging systems. Japanese Patent
Application No. 2011-015549 describes a positioning assis-
tance system that uses weak excitation to determine a
distance between a power receiving device on the vehicle
side and a power transmission device on the ground side and
displays the result thus obtained.

The system described in Japanese Patent Application
Publication No. 2011-015349 displays the power receiving
device on the vehicle side and the power transmission device
on the ground side as virtual images. This may prevent a
driver from instinctively figuring out which direction the
vehicle should be moved, even when the distance between
the devices 1s determined.

SUMMARY

In view of the foregoing, an object of the present inven-
tion 1s to provide a parking assistance device that assists a
driver 1n 1immediately understanding a positional relation-
ship between a power recerving device on the vehicle side
and a power transmission device on the ground side so as to
implement the positioning therebetween with high accuracy.

A parking assistance device according to an aspect of the
present invention 1s configured to 1image a parking initial
image simultaneously showing a power transmission coil
installed on a road surface in a parking space and a ground
mark provided at a predetermined distance from the power
transmission coil, and display the power transmission coil
with reference to the ground mark imaged and the parking
initial image when a distance between a vehicle and a target
parking position falls below a predetermined value, and
superposing and displaying an image indicating a coil for a
vehicle mnstalled on a bottom surface of the vehicle.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram showing an entire
wireless charging system including a vehicle equipped with
a parking assistance device according to an embodiment of
the present mvention and a power supply device;

FIG. 2(a) 1s a top view showing a positional relationship
between the vehicle provided with a power recerving coil
and a parking space provided with a power transmission
coil.

FIG. 2(b) 1s a rear camera 1image at reverse start position
P1 shown in FIG. 2(a);

FIG. 3 1s a schematic view showing a positional relation-
ship between the power transmaission coil and ground marks;

FI1G. 4(a) 1s a top view showing a positional relationship
between the vehicle provided with the power receiving coil
and the parking space provided with the power transmission
coil:
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FIG. 4(b) 1s a rear camera 1mage at position P2 shown 1n
FIG. 4(a);

FIG. 5(a) 1s a top view showing a positional relationship
between the vehicle provided with the power receiving coil
and the parking space provided with the power transmission
coil.

FIG. 5(b) 1s a rear camera 1mage at position P3 shown 1n
FIG. 5(a);

FIG. 6(a) 1s an 1image displayed on a display unit before
screen switching;

FIG. 6(5) 1s an 1mage displayed on the display unit after
screen switching;

FIG. 7 1s a schematic view showing a positional relation-
ship between the power transmission coil and the ground
marks;

FIG. 8(a) 1s a top view showing a positional relationship
between the vehicle provided with the power receiving coil
and the parking space provided with the power transmission
coil:

FIG. 8(b) 1s a screen of a display unit 33 displaying a state
where the power transmission coil and the power receiving
coil overlap each other at target parking position P4 shown
in FIG. 8(a);

FIGS. 9(a) and 9(b) are top views each showing a
positional relationship between the vehicle provided with
the power receiving coil and the parking space provided
with the power transmission coil;

FIG. 10 1s a view 1n which a vehicle center line 1s
superposed on a camera image displayed on the display unit
33: and

FIG. 11 1s a flowchart for describing a parking assistance
operation executed by an operation processor according to
the embodiment.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Hereinatter, an embodiment of the present invention will
be described with reference to the drawings. FIG. 1 1s a
configuration diagram showing an entire wireless charging
system 10 including a vehicle 200 equipped with a parking
assistance device according to the embodiment of the pres-
ent 1nvention and a power supply device 100.

As shown 1n FIG. 1, the wireless charging system 10
includes the power supply device 100 placed 1n, for
example, a power supply stand or a parking lot, and the
vehicle 200, and supplies electric power via a wireless
connection from a power transmission coil 12 installed 1n
the power supply device 100 to a power receiving coil 21
provided on the vehicle side. More particularly, the wireless
charging system 10 conducts transmission and reception of
high-frequency electric power between the power transmis-
sion co1l 12 and the power receiving coil 21 in a wireless
manner through electromagnetic induction. Once a voltage
1s applied to the power transmission coil 12, a magnetic
connection 1s caused between the power transmission coil 12
and the power receiving coil 21, so as to supply electric
power from the power transmission coil 12 to the power
receiving coil 21.

The power supply device 100 includes a power controller
11, the power transmission coil 12, a radio communication
umt 13, and a controller 14. The power controller 11
includes a rectifier 111, a power factor correction (PFC)
circuit 112, and an mverter 113. The power controller 11
converts AC power transmitted from an AC power source
300 into high-frequency AC power and transmits the con-
verted power to the power transmission coil 12.
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The rectifier 111 1s electrically connected to the AC power
source 300 to rectify the AC power output from the AC
power source 300. The PFC circuit 112 1s connected
between the rectifier 111 and the inverter 113 to implement
power lactor correction by rectifying waveforms output
from the rectifier 111.

The mverter 113 1s a power conversion circuit including
a PWM control circuit having a switching device such as an
IGBT. In particular, the inverter 113 switches ON/OFF states
of the switching device according to a detection current
detected by a current sensor (not shown), and converts
power from the PFC circuit 112 into high-frequency AC
power to supply the converted power to the power trans-
mission coil 12.

The radio communication unit 13 communicates with a
radio communication unit 25 installed in the vehicle 200.
The controller 14 controls the entire power supply device
100 to transmit a signal for starting power supply from the
wireless power supply device 100 toward the vehicle 200
through the communication between the radio communica-
tion units 13 and 25 or receive, from the vehicle 200 side, a
request signal for requesting electric power supplied from
the wireless power supply device 100. The controller 14 also
controls the switching operation of the inverter 113 accord-
ing to the detection current detected by the current sensor
(not shown), so as to regulate the electric power supplied to
the power transmission coil 12.

The vehicle 200 includes the power receiving coil 21, a
rectifier 22, a relay 23, a battery 24, the radio communica-
tion unit 25, a charge controller 26, a notifier 27, an inverter
28, a motor 29, a front camera 30, a rear camera 31, an
operation processor 32, and a display unit 33.

The power receiving coil 21 1s a coil for a vehicle placed
on the bottom of the vehicle 200. When the vehicle 200 1s
parked 1n a predetermined parking position, the power
receiving coil 21 1s positioned to face the power transmis-
sion coil 12 at a predetermined distance. When electric
power for supply 1s supplied to the power transmission coil
12, the electric power 1s transmitted to the power receiving
coil 21 so as to charge the battery 24.

The rectifier 22 1s connected to the power receiving coil
21 to rectity AC power received by the power receiving coil
21 1into DC power.

The relay 23 includes a relay switch that 1s turned on/ofl
in accordance with the control by the charge controller 26.
The relay 23 disconnects a main circuit system including the
battery 24 from a circuit for charge including the power
receiving coil 21 and the rectifier 22 once the relay switch
1s turned off.

The battery 24 1s a power source of the vehicle 200 and
configured such that a plurality of secondary batteries are
connected to each other. The radio communication umt 23
communicates with the radio communication unit 13
installed 1n the wireless power supply device 100.

The charge controller 26 controls the charge of the battery
24, and controls the operations of the relay 23, the wireless
communication unit 25, and the notifier 27. More particu-
larly, the charge controller 26 transmits a signal for starting
charging to the controller 14 through the communication
between the radio communication units 25 and 13. The
charge controller 26 1s connected to a controller (not shown)
for controlling the entire vehicle 200 via a controller area
network (CAN). This controller manages a switching con-
trol of the inverter 28 and a state of charge (SOC) of the
battery 24. When the charge controller 26 receives, from this
controller, a signal indicating that the battery 24 i1s fully
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4

charged, the charge controller 26 transmits a signal for
stopping charging to the controller 14.

The notifier 27 1s, for example, a warning light or speaker,
and outputs light or voice toward the driver in accordance
with the control by the charge controller 26.

The inverter 28 1s a power conversion circuit including a
PWM control circuit having a switching device such as an
IGBT. The mverter 28 converts DC power output from the
battery 24 into AC power and supplies the converted power
to the motor 29 according to a switching control signal. The
motor 29 1s, for example, a three-phase AC motor serving as
a drive power source for driving the vehicle 200.

The front camera 30 (1maging means) images the circum-
ference 1n front of the vehicle 200. The rear camera 31
(1maging means) images the circumierence behind the
vehicle 200. These cameras each include an 1mage sensor
such as CCD and CMOS for consecutively capturing images
and outputting the captured images.

The operation processor 32 (controlling means) serves as
an 1ntegrated computer including a CPU and a storage
medium such as a RAM, a ROM, or a hard disk. The
operation processor 32 can load images captured by the front
camera 30 and the rear camera 31 to subject the 1images to
predetermined image processing, and implement 1image con-
trol to switch pieces of information displayed on the display
unmit 33.

The display unit 33 (displaying means) 1s a display of, for
example, a navigation system to inform the driver of various
kinds of information. The display unit 33 can also display
images captured by the front camera 30 and the rear camera
31.

Next, the first step of assisting in positioning the power
transmission coil 12 and the power recerving coil 21 1s
described below with reference to FIG. 2 to FIG. 4. The
present embodiment exemplifies the case in which the
vehicle 200 1s parked 1n target parking position P4 while
being reversed 1n a parking space equipped with the power
transmission coil 12, as shown 1 FIG. 2(a). In order to
clliciently implement power supply after parking in such a
situation, the vehicle 1s required to be parked with the power
transmission coil 12 and the power receiving coil 21 posi-
tioned accurately. The target parking position P4 1s a posi-
tion shown in FIG. 8(a) described below.

FIG. 2(b) 1s an 1image of the rear camera 31 of the vehicle
200 located 1n reverse start position P1 shown 1n FIG. 2(a).
This image 1s displayed on the display unmit 33 shown 1n FIG.
1. As shown i FIG. 2(b), the power transmission coil 12,
ground marks 41, 42, and a power transmission cable 43 are
indicated in the image of the rear camera 31. FIG. 2(b) 1s a
video 1mage of the rear camera 31 and also an i1mage
captured by the rear camera 31.

The ground marks 41 and 42 are provided on the road
surface 1n the parking space equipped with the power
transmission coil 12. The power transmission cable 43 1s
used for supplyving electric power to the power transmission
coi1l 12 and provided on the road surface in the parking space
equipped with the power transmission coil 12. The power
transmission cable 43 1s covered for safety.

In the first step of assisting in positioning the power
transmission coil 12 and the power receiving coil 21, the
operation processor 32 shown 1n FIG. 1 calculates a distance
between the power transmission coil 12 and the ground mark
41 and a distance between the respective ground marks 41
and 42 with reference to the image imaged by the rear
camera 31 1 which the power transmission coil 12 and the
ground marks 41 and 42 are indicated together, as shown 1n
FIG. 2(b). The image in which the power transmission coil
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12 and the ground marks 41 and 42 are indicated together 1s
hereinafter referred to as “a parking initial 1mage”.

The positional relationship among the power transmission
coil 12, the ground marks 41, 42, and the power transmission
cable 43 1s described 1n detail below with reference to FIG.
3. FIG. 3 1s a schematic view showing the positional
relationship among the power transmission coil 12, the
ground marks 41, 42, and the power transmission cable 43
shown 1n FIG. 2(b) imaged by the rear camera 31.

Point A 1s the center of the ground mark 41, and point B
1s the center of the ground mark 42. The power transmission
cable 43 1s located on the extension of the straight line
connecting the points A and B. Center line L1 of the power
transmission cable 43 passes through the middle of the
power transmission coil 12.

Distance al 1s a distance between the respective ground
marks 41 and 42. Distance a2 1s a distance between the
ground mark 41 and the power transmission coil 12. Dis-
tance a3 1s a length of the power transmission coil 12 1n the
vehicle front-rear direction.

When the parking initial 1image 1s 1imaged by the rear
camera 31, the operation processor 32 subjects the imaged
parking 1nitial image to predetermined 1mage processing, so
as to calculate the distances al, a2, and a3.

The ground mark 1n the present embodiment has a square
shape but may have any shape as long as the distance
between the power transmission coil 12 and the ground mark
can be calculated. The number of the ground marks used 1n
the present embodiment 1s two but 1s not limited thereto. For
example, a single large ground mark may be used so that a
length between the upper end and the lower end of the
ground mark 1s substituted for the distance al.

An operation of updating the parking initial 1image 1s
described below with reference to FIG. 4. FIG. 4(a) 1s a top
view showing a positional relationship between the vehicle
200 and the parking space equipped with the power trans-
mission coil 12 when the vehicle 200 reaches position P2
alter starting reversing at the reverse start position P1 shown
in FIG. 2(a). FIG. 4(b) 1s an 1mage of the rear camera 31 of
the vehicle 200 located at the position P2 shown in FIG.
d(a).

When the vehicle 200 moves to the position P2 shown in
FIG. 4(a) from the reverse start position P1 shown 1n FIG.
2(a), the rear camera 31 captures the power transmission coil
12 and the ground marks 41 and 42 together. When the
image captured by the rear camera 31 1s the parking initial
image, the operation processor 32 overwrites and updates
the 1mage every time the parking initial image 1s 1imaged.
The operation processor 32 subjects the updated parking
initial 1mage to predetermined 1image processing and calcu-
lates the distances al, a2, and a3 shown in FIG. 3. The
reason for updating the parking initial image 1s that the
distances al, a2, and a3 can be calculated more accurately as
the distance from the rear camera 31 to the power transmis-
sion coil 12 and the ground marks 41 and 42 are closer.

Next, the second step of assisting in positioning the power
transmission coil 12 and the power receiving coil 21 1s
described below with reference to FIG. 5 to FIG. 8.

When the reversing vehicle 200 reaches position P3
shown 1n FIG. 5(a), the power transmission coil 12 1s present
below the vehicle 200. FIG. 5(b) 1s an image of the rear
camera 31 of the vehicle 200 located at the position P3
shown 1n FIG. 5(a). Since the power transmission coil 12 1s
located below the vehicle 200, the power transmission coil
12 1s not shown 1n the rear camera 31.

The dotted line shown in FIG. 3(b) 1s a screen-switch
trigger line. The screen-switch trigger line 1s used for
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switching 1mages displayved on the display umit 33. In
particular, the screen-switch trigger line 1s set to reach the
ground mark 41 when the distance between the vehicle 200
and the target parking position P4 falls below a predeter-
mined value. The operation processor 32 switches screens
shown on the display unit 33 when the screen-switch trigger
line reaches the ground mark 41, as shown 1n FIG. 5(b). The
setting of the screen-switch trigger line may vary as appro-
priate depending on the size of the vehicle 200, the position
of the power receiving coil 21 installed 1n the vehicle 200,
and the position of the power transmission coil 12 installed
in the parking space. The screen-switch trigger line 1s a line
not indicated on the display unit 33.

Next, an operation of switching screens displayed on the
display unit 33 1s described below with reference to FIG. 6.

FIG. 6(a) 1s a screen having not yet been switched, displayed
on the display unit 33, and 1s the same as FIG. 5(b). FIG.

6(b) 1s a switched screen displayed on the display unit 33.
When the screen-switch trigger line shown in FIG. 5(b)
reaches the ground mark 41, the operation processor 32
moves region R1 shown 1n FIG. 6(a) to the upper side of the
screen so as to icrease the display area of region R2. The
operation processor 32 displays the power transmission coil
12 on the screen after switched.

A method of displaying the power transmission coil 12 on
the switched screen 1s described below with reference to
FIG. 7. FIG. 7 1s a schematic view showing a positional
relationship among the ground marks 41 and 42 displayed
on the screen before switched as shown 1 FIG. 6(a), the
power transmission coil 12, and the power transmission
cable 43 estimated with reference to the ground marks 41
and 42 and the parking initial image. The area surrounded by
the dashed-dotted line shown 1n FIG. 7 1s a part shown in the
rear camera 31 before screen switching, and the other areas
are estimated parts.

The ground mark 41 and the ground mark 42 are indicated
together 1n the 1mage of the rear camera 31 1maged 1mme-
diately before screen switching, as shown i FIG. 6(a)
(imaged when the screen-switch trigger line reaches the
ground mark 41, as shown 1n FIG. 5(5)). The image 1n which
the ground marks 41 and 42 are indicated together when the
screen-switch trigger line reaches the ground mark 41, 1s
heremafter referred to as “a parking final 1image”. The
operation processor 32 subjects the parking final 1mage to
predetermined 1mage processing so as to calculate distance
b1 between the respective ground marks 41 and 42. A ratio
ol the calculated distance bl and the distance al shown 1n
FIG. 3 can therefore be obtained. The ratio thus obtained,
and the distances a2 and s3 in the parking imitial 1image
shown 1n FIG. 3 lead to distance b2 between the ground
mark 41 and the power transmission coil 12 and distance b3
across the power transmission coil 12 1n the vehicle front-
rear direction. The operation processor 32 can estimate the
position ol the power transmission coil 12 through this
processing. Accordingly, the operation processor 32 can
display the image of the power transmission coil 12 having
substantially the actual shape on the switched screen shown
in FIG. 6(b), based on the estimated position of the power
transmission coil 12. This allows the driver to recognize the
position of the power transmission coil 12 as if the vehicle
200 were transparent, although the power transmission coil
12 actually cannot be viewed through the rear camera 31.

As shown 1 FIG. 6(b), the operation processor 32 dis-
plays the power receiving coil 21 installed in the vehicle 200
while superposing the power recerving coil 21 on the
switched screen. The power receiving coil 21 displayed 1s a
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symbol schematically showing its shape. The position of the
power receiving coil 21 can preliminarily be obtained.
The positional relationship between the power transmis-

sion coil 12 and the power receiving coil 21 shown 1n FIG.

6(b) 1s the same as that shown in FIG. 5(a). The power >
transmission coil 12 and the power receiving coil 21 partly
overlap each other, as shown 1n FIG. 5(a), and the driver can
therefore 1mmediately visually recognize the overlapping
state, as shown in FIG. 6(b). In the present embodiment,
when the vehicle 200 1s reversing and moving to the target
parking position P4, as shown in FIG. 8(a), the switched
screen only 1ndicates the movement of the power receiving
coll 21. This means that the background and the power
transmission coil 12 on the switched screen are not changed,
but only the power receiving coil 21 1s shifted. FIG. 8(b) 1s
a screen of the display unit 33 showing the power transmis-
sion coil 12 and the power receiving coil 21 overlapping

cach other at the target parking position P4 shown i FIG.
8(a). The comparison between FIG. 6(b) and FIG. 8(b5) 20
shows that only the power receiving coil 21 1s shifted. Since
only the movement of the power receiving coil 21 1is
indicated on the switched screen, the driver can focus only

on the power recerving coil 21 moving 1n association with
the vehicle 200, so as to position the power transmission coil 25
12 and the power receiving coil 21 with high accuracy.

In the second step of assisting in positioning the power
transmission coil 12 and the power receiving coil 21, as
described above, the operation processor 32 switches the
screens displayed on the display unit 33. The operation 30
processor 32 then displays the 1mage of the power trans-
mission coil 12 having substantially the actual shape on the
switched screen, and superposes and displays the symbol
schematically showing the power receiving coil 21 on the
screen. The operation processor 32 moves only the power 35
receiving coil 21 1n association with the movement of the
vehicle 200. The parking assistance device according to the
present embodiment assists in positioning the power trans-
mission coil 12 and the power receiving coil 21 through the
process as described above. 40

The present embodiment has exemplified the case of
assisting 1n positioning the power transmission coil 12 and
the power receiving coil 21 during reverse parking, but may
be applied to the case of forward parking or parallel parking.
For example, during forward parking, as shown 1n FI1G. 9(a), 45
the assistance in positioning may be implemented by use of
images of the front camera 30 in the same manner as the
present embodiment described above. The assistance in
positioning may also be mmplemented when the power
transmission coil 12, the power receiving coil 21, and the 50
ground marks 41 and 42 differ from those in the present
embodiment, as shown i FIG. 9(b).

Alternatively, 1n the present embodiment, a vehicle center
line to the vehicle width direction may be displayed on the
display unmit 33, as shown 1n FIG. 10. When the center line 55
ol the power receiving coil 21 to the vehicle width direction
coincides with the vehicle center line, the driver can park the
vehicle 200 such that the vehicle center line conforms to the
center ol the power transmission coil 12, which facilitate the
positioning between the power transmission coil 12 and the 60
power receiving coil 21. When the center line of the power
receiving coil 21 to the vehicle width direction does not
coincide with the vehicle center line, the coil center line may
be displayed on the display unit 33, instead of the vehicle
center line. The vehicle center line displayed may be indi- 65
cated at the point when the screens are switched, for
example.
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In the present embodiment, an 1mage denoting a body
frame of the vehicle 200 may be superposed on the switched
screen. This allows the driver to easily position the power
transmission coil 12 and the power receiving coil 21 with
higher accuracy while viewing the power transmission coil
12, the power receiving coil 21, and the body frame.

In the present embodiment, a level of superposition of the
power transmission coil 12 and the power receiving coil 21
may be indicated on the switched screen by use of weak
excitation so as to mform the driver of the mmformation 1n
terms of percentage from 0% to 100%.

In the present embodiment, when a proximity sensor
detects an obstacle reaching the vehicle 200 during driving
after switching the screens, the screen switched may be
returned to the original one. Although the drniver cannot
recognize the condition behind the wvehicle from the
switched screen on the display unit 33 since the background
image on the switched screen does not change, returning to
the original screen can make the driver aware of the detec-
tion of the obstacle.

In the present embodiment, since the screens are switched
when the screen-switch trigger line reaches the ground mark
41, the driver can concentrate on parking until the screens
are switched. In other words, holding off switching the
screens can prevent the driver from keeping focusing on the
coil positioning, so as to reduce the risk of a collision with
an obstacle.

Next, the display processing performed on the display
umt 33 by the operation processor 32 1s described below
with reference to the flowchart showing i FIG. 11. This
processing starts once an ignition switch 1s turned on.

In step S101, the operation processor 32 determines
whether a shift lever 1s located 1n R (reverse gear position).
When the shift lever 1s located 1n the reverse gear position,
the process proceeds to step S103. When the shift lever 1s not
located 1n the reverse gear position, the process proceeds to
step S102. In step S102, the operation processor 32 deter-
mines whether a parking assist (PA) switch 1s 1n the ON
state. The PA switch 1s a switch for displaying an image of
the front camera 30 on the display unit 33. The PA switch
may be either a hard switch provided in the passenger
compartment or a soft switch indicated on the display unit
33. When the PA switch 1s 1n the ON state, the process
proceeds to step S104. When the PA switch 1s 1n the OFF
state, the process 1s 1 a standby mode.

In step S103, the operation processor 32 displays the
image of the rear camera 31 (rear view) on the display unit
33.

In step S104, the operation processor 32 displays the
image of the front camera 30 (front view) on the display unit
33.

In step S105, the operation processor 32 determines
whether relative distances between the power transmission
coil 12 and the ground mark 41 and between the ground
mark 41 and the ground mark 42 can be detected. When the
relative distances between the power transmission coil 12
and the ground mark 41 and between the ground mark 41
and the ground mark 42 can be detected, namely, when the
power transmission coil 12 and the respective ground marks
41 and 42 are shown simultaneously 1n the rear camera 31
or the front camera 30, the process proceeds to step S106.
When the relative distances between the power transmission
coil 12 and the ground mark 41 and between the ground
mark 41 and the ground mark 42 cannot be detected, the
process returns to step S105.

In step S106, the operation processor 32 images the power
transmission coil 12 and the respective ground marks 41 and
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42 by use of the front camera 30 or the rear camera 31. The
image obtained 1s the parking initial image.

In step S107, the operation processor 32 then determines
whether the respective ground marks 41 and 42 are shown
together on the screen when the power transmission coil 12
reaches the lower end of the screen of the front camera 30
or the rear camera 31. When the respective ground marks 41
and 42 are shown together on the screen when the power
transmission coil 12 reaches the lower end of the screen of
the front camera 30 or the rear camera 31, the process
proceeds to step S108. When the respective ground marks 41
and 42 are not shown together when the power transmission
coill 12 reaches the lower end of the screen of the front
camera 30 or the rear camera 31, the process proceeds to step
S109.

In step S108, the operation processor 32 images the power
transmission coil 12 and the ground marks 41 and 42 by use
of the front camera 30 or the rear camera 31, and overwrites
and updates the parking imitial image previously 1maged.

In step S109, the operation processor 32 determines
whether the ground mark 41 reaches the screen-switch
trigger line. When the ground mark 41 reaches the screen-
switch trigger line, the process proceeds to step S110. When
the ground mark 41 does not yet reach the screen-switch
trigger line, the process returns to step S109. The operation
processor 32 captures the image in which the ground marks
41 and 42 are shown together by use of the front camera 30
or the rear camera 31 when the ground mark 41 reaches the
screen-switch trigger line. The image captured 1s the parking
final 1mage.

In step S110, the operation processor 32 determines
whether the vehicle 200 1s placed straight in the parking
frame. This determination 1s to confirm whether the ground
marks 41 and 42 displayed on the display unit 33 are
arranged perpendicularly to the display unit 33. When the
vehicle 200 1s placed straight in the parking frame, the
process proceeds to step S112. When the vehicle 200 1s not
placed straight 1n the parking frame, the process proceeds to
step S111.

In step S111, the operation processor 32 corrects the
parking frame 1mage so that the ground marks 41 and 42 are
arranged perpendicularly to the parking frame image. This
correction can mnform the drniver of the inclination of the
vehicle 200 with respect to the parking frame.

In step S112, the operation processor 32 switches the
screens to display the image of the power transmission coil
12 having substantially the actual shape on the switched
screen with reference to the parking initial image and the
parking final image.

In step S113, the operation processor 32 superposes and
displays, on the switched screen, a symbol of the power
receiving coil 21 schematically showing the shape of the
power receiving coil 21 installed in the vehicle 200.

In step S114, the operation processor 32 determines
whether the shift lever 1s located 1n P (parking gear position).
When the shiit lever 1s located 1n the parking gear position,
the process completes the series of steps. When the shiit
lever 1s not located 1n the parking gear position, the process
returns to step S114.

As described above, the parking assistance device accord-
ing to the present embodiment switches the screens of the
display unit 33 when the power transmission coil 12 disap-
pears from the rear camera 31 or the front camera 30.
Subsequently, the parking assistance device estimates the
position of the power transmission coil 12 according to the
parking mitial 1mage and the parking final image, and
displays the 1image of the power transmission coil 12 having
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substantially the actual shape on the display unit 33. The
parking assistance device then superposes and displays, on
the switched screen, a symbol of the power recerving coil 21
schematically showing the shape of the power receiving coil
21 mstalled 1n the vehicle 200. The parking assistance
device only indicates the movement of the power receiving
coil 21 on the switched screen. Accordingly, the driver can
immediately figure out the positional relationship between
the power transmission coil 12 and the power receiving coil
21, so as to implement the positioning therebetween with
high accuracy.

The parking assistance device according to the present
embodiment also displays the vehicle center line to the
vehicle width direction on the display unit 33. The driver can
therefore park the vehicle such that the vehicle center line
conforms to the center of the power transmission coil 12,
which facilitates the positioming between the power trans-
mission coil 12 and the power receiving coil 21.

While the present invention has been described above by
reference to the embodiment, the present mvention 1s not
intended to be limited to the descriptions thereof, and

various modifications and improvements will be apparent to
those skilled 1n the art.

REFERENCE SIGNS LIST

12 POWER TRANSMISSION COIL

21 POWER RECEIVING COIL (COIL FOR VEHICLE)

30, 31 CAMERA (IMAGING MEANS)

32 OPERATION PROCESSOR
MEANS)

33 DISPLAY UNIT (DISPLAYING MEANS)

41, 42 GROUND MARK

(CONTROLLING

The mvention claimed 1s:
1. A parking assistance device comprising:
an 1mage sensor mounted on a vehicle to 1image a periph-
ery of the vehicle;
a coil for a vehicle installed on a bottom surface of the
vehicle;
a display configured to display an image imaged by the
image sensor; and
a control circuit configured to perform a display control
on the display,
wherein the control circuit stores a parking initial image
imaged by the image sensor and simultaneously show-
ing a power transmission coil installed on a road
surface 1n a parking space and a ground mark provided
at a predetermined distance from the power transmis-
sion coil, and estimates a position of the power trans-
mission coil according to a parking final 1image indi-
cating the ground mark 1maged by the image sensor and
the parking 1nitial 1mage when a distance between the
vehicle and a target parking position falls below a
predetermined value and the power transmission coil
disappears from the image sensor, and displays an
image showing the power transmission coil on the
display according to the estimated position of the
power transmission coil, and superposes and displays
an 1mage indicating the coil for a vehicle on the display.
2. The parking assistance device according to claim 1,
wherein the control circuit superposes and displays, on the
display, a center line of the coil for a vehicle to a vehicle
width direction.
3. A parking assistance method comprising:
imaging a parking initial image simultaneously showing a
power transmission coil installed on a road surface 1n a
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parking space and a ground mark provided at a prede-
termined distance from the power transmission coil;

estimating a position of the power transmission coil
according to a parking final image indicating the
ground mark imaged and the parking initial 1mage
when a distance between a vehicle and a target parking
position falls below a predetermined value and the
power transmission coil disappears from an i1mage
Sensor;

displaying an image indicating the power transmission
coll according to the estimated position of the power
transmission coil;

superposing and displaying an image indicating a coil for
a vehicle nstalled on a bottom surface of the vehicle.
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